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Detailed Description Text (13) : 

Microorganisms are used in immobilized form (attached or encapsulated ) when used in 
the in situ bioremediation well of the present invention. The method of 
immobilization is based on the ability of the selected microorganism to form a 
biof ilm. For a good biofilm former, biosupports such as granular activated carbon, 
diatomaceous earth, silica sand, glass beads, ceramic rings, plastic rings 
(polyvinyl chloride) , microporous plastic sheets, and microporous plastic discs may 
be used. In the case of a poor biofilm former, the cells are encapsulated or 
immobilized in microporous support material such as calcium alginate, polyurethane, 
or polyacrylamide hydrazide. In situ bioreactors can be designed to accommodate and 
house indigenous microflora or designed to be inoculated with any of a wide variety 
of specially selected microflora strains, depending upon typical design criteria, 
such as type of contamination to be treated, environmental considerations, and 
microflora availability. 
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DOCUMENT- IDENTIFIER : US 6465706 Bl 

TITLE: Encapsulation method for maintaining biodecontamination activity 



Abstract Text (1) : 

A method for maintaining the viability and subsequent activity of microorganisms 
utilized in a variety of environments to promote biodecontamination of surfaces. One 
application involves the decontamination of concrete surfaces . Encapsulation of 
microbial influenced degradation (MID) microorgani sms has shown that MID activity is 
effectively maintained under passive conditions, that is, without manual addition of 
moisture or nutrients, for an extended period of time. 

Brief Summary Text (15) : 

To achieve the forgoing objects, and in accordance with the invention as embodied 
and broadly described herein, the present invention relates to a new and useful 
method for microbial influenced degradation of contaminated structures. The 
preferred method of the present invention is a biomediated process for removing 
contamination from a cementitious surface utilizing encapsulated microorganisms for 
the microbial influenced degradation. The encapsulated microorganisms of the present 
invention do not require the manual addition of moisture or nutrients to maintain 
conditions conducive to growth. Thus, the encapsulated microorganisms are simply 
sprayed or painted on to the contaminated surface and left for a period of time 
sufficient for microbial influenced degradation activity to degrade the cementitious 
surface to a selected depth. 

Brief Summary Text (16) : 

The process preferably comprises applying a substantially uniform coating of the 
encapsulated microorganism to a contaminated cementitious surface. The microbial 
influenced degradation activity is preferably permitted to continue until the 
cementitious surface has been degraded to a desired depth. It has been demonstrated 
that radioactive contamination is usually localized in the first 1-2 mm of 
cementitious material. The degraded layer is preferably removed by brushing, washing 
or scrubbing the degraded cementitious surface. 

Detailed Description Text (4) : 

Therefore, the present invention is directed to a method for the maintenance of 
appropriate levels of moisture and nutrients at the concrete surface without the 
need for additional manual applications thereof. Specifically, the method of the 
present invention utilizes encapsulation of MID microorganisms to eliminate the need 
for manual application of moisture and nutrients for degradation of contaminated 
cementitious surfaces. 

Detailed Description Text (5) : 

The necessary components of the present invention include a microorganism, an 
encapsulation material, and a substrate such as a contaminated cementitious surface. 
Each of these components will be described individually herein prior to discussion 
of the method of the present invention. The terms "a, " "an, " and "the" as used in 
the specification and the appended claims include plural referents unless the 
context clearly dictates otherwise. Thus, a reference to "a microorganism" includes 
a reference to two or more of such microorganisms, "a bacteria" includes two or more 
of such bacteria, etc. 



Detailed Description Text (13) : 
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The encapsulation material utilized in accordance with the present invention is 
combined with at least one type of mid microorgani sm , and includes a supply of 
appropriate nutrients and moisture. The resulting encapsulated microorganism 
requires no additional manual application of nutrients or moisture upon application 
to a contaminated surface for microbial influenced degradation. Thus, the 
encapsulated microorganism is referred to herein as being passively supplied with 
moisture and appropriate nutrients. 

Detailed Description Text (14) : 

Suitable encapsulation materials for this invention are natural or synthetic 
polymeric binder materials. These materials should be able to encapsulate the 
microorgani sm , the moisture, and/or nutrients of this present invention in such a 
way that the nutrients and moisture are available to the mi c roorgani sm and allow the 
mi c roorgani sm to degrade the substrate on which they are applied. Examples of 
polymeric binder materials, are natural and synthetic gels and foams. Natural and/or 
synthetic gelatin polymers are most preferred. 

Detailed Description Text (15) : 

Preferred encapsulation materials are those which maintain sufficient adhesion to 
the substrate to adhere to the substrate during the degradation phase such as on a 
vertical surface, but which are readily removed at the end of the phase. The 
encapsulation materials preferably can be applied through spraying equipment, are 
non- toxic to the microorganisms , are gas permeable, hold their characteristics under 
acidic conditions, are easily applied and removed, and when dealing with radioactive 
contamination, are resistant to radioactivity. 

Detailed Description Text (16) : 

Suitable examples of gels for encapsulation purposes include, but are not limited 
to, PrimaCel.TM. , also known as EX-7948, Cellulon. RTM. , KelcoGel . RTM . , KELGIN. RTM. , 
KELZAN.RTM. , all by Monsanto Kelco Industrial Biopolymers. It should be appreciated 
that other gel -encapsulation materials which provide nutrients, moisture, or both, 
to the MID microorganisms , such as but not limited to foams or other viscous 
material, are within the scope of the present invention. 

Detailed Description Text (17) : 

While conventional gels are formed at about 55. degree. C, the preferred 
gel -encapsulation material, such as that used to encapsulate T. thiooxidans 
bacteria, is formed at a temperature of less than about 30. degree. C. This 
relatively low temperature is used to avoid killing the bacteria. 

Detailed Description Text (18) : 

A preferred gel-encapsulation material in accordance with the present invention 
comprises about 2 to about 5 of dry gel additive blended with about 500 to about 
1000 ml of water, about 5 to about 30 grams of sulfur, and about 0.001 to about 0.1 
grams of ammonium molybdo -phosphate . Alternatively, semi-dry gel additive is used in 
place of the dry additive. The mixture is blended in a high- shear mixer to produce a 
smooth, consistent gel, and then the microorganism, such as T. thiooxidans, is added 
to the gel by way of a low-shear mixer. A preferred amount of microorganism is about 
1. times. 10. sup. 9 to about 1 . times . 10 . sup . 11 per liter of the gel. The encapsulated 
microorganism is then ready to be utilized on a substrate. 

Detailed Description Text (21) : 

To perform the method of the present invention, an effective amount of the 
encapsulated microorganism such as described above, is sprayed or painted in a 
substantially uniform coating on a contaminated surface. An effective amount means 
an amount of a encapsulated microorganism that is sufficient to provide a selected 
degradative effect and performance under selected parameters. A person of ordinary 
skill in the art should be able determine such an effective amount without undue 
• experimentation according to the guidelines provided herein. One example of an 
effective amount of microorganism encapsulation -mixture is a sprayed thickness of 
about 1 mm to about 5 mm on a substrate. 

Detailed Description Text (22) : 

In the case of a particularly "hot" radioactive area, the gel -encapsulated 
microorganism is preferably sprayed by means of remote application, which does not 
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require the presence of an actual worker dressed in biological protective wear, and 
thus reduces exposure and risk. 

Detailed Description Text (23) : 

The encapsulated microorganisms are preferably allowed to remain on the cementitious 
surface for an amount of time sufficient for microbial influenced degradation 
activity to degrade the cementitious surface to a selected depth. Those of skill in 
the art recognize that this sufficient amount of time will vary according to 
substrate and the depth required to eliminate the contaminated portions of the 
substrate. For example, microbial influenced degradation of a cementitious surface 
should extend up to about 4 mm, and preferably up to about 2 mm, into the surface to 
substantially degrade the contaminated layer. It has been demonstrated that a 
sufficient amount of time for this selected depth of degradation is about 12-18 
months. It follows that an amount of time sufficient for microbial influenced 
degradation of less depth may take less time. 

Current US Original Classification (1) : 
588/1 

CLAIMS : 

1. A biomediated process for removing contamination from a surface of a substrate, 
comprising: applying to a surface of a substrate an effective amount of a 
microorganism capable of microbial influenced degradation activity of said surface 
of said substrate, wherein the microorganism is encapsulated with a sufficient 
amount of at least one appropriate nutrient to effect degradation of said substrate 
to at least a selected depth; and maintaining the encapsulated microorganism on said 
surface for a time sufficient for microbial influenced degradation activity to 
degrade said substrate to at least a selected depth. 

2. The process according to claim 1, wherein applying an effective amount of an 
encapsulated microorganism comprises applying an effective amount of an encapsulated 
form of a microorganism selected from the group consisting of acid-producing 
bacteria and fungi . 

3. The process according to claim 2, wherein applying an effective amount of an 
encapsulated form of a microorganism comprises applying an effective amount of an 
encapsulated form of an acid-producing bacterium selected from the group consisting 
of an organic-acid-producing heterotrophic bacteria, nitrifying bacteria, sulfur 
oxidizing bacteria, and mixtures thereof. 

4. The process according to claim 3, wherein applying an effective amount of an 
encapsulated form of an organic -acid-producing heterotrophic bacteria comprises 
applying an effective amount of an encapsulated form of an organic -acid producing 
heterotrophic bacteria that produces an organic acid selected from the group 
consisting of acetic, citric, formic, and lactic acids. 

5. The process according to claim 3, wherein applying an effective amount of an 
encapsulated form of a nitrifying bacteria comprises applying an effective amount of 
an encapsulated form of a nitrifying bacteria selected form the group consisting of 
Nitrosomonas, Nitrobacter, and mixtures thereof. 

6. The process according to claim 3, wherein applying an effective amount of an 
encapsulated form of a sulfur oxidizing bacteria comprises applying an effective 
amount of an encapsulated form of a sulfur oxidizing bacteria selected from the 
group consisting of Thiobacillus thiooxidans , Thiobacillus f errooxidans , 
Thiobacillus neapolitanus , Thiobacillus intermedius, and mixtures thereof. 

7. The process according to claim 2, wherein applying an effective amount of an 
encapsulated form of a microorganism comprises applying an effective amount of an 
encapsulated form of an organic -acid-producing heterotrophic fungus. 

9. The process according to claim 1, wherein applying an effective amount of an 
encapsulated form of an encapsulated microorganism comprises applying an effective 
amount of an encapsulated microorganism that is passively supplied with moisture. 
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10. The process according to claim 1, further comprising providing an encapsulated 
microorganism for applying to said surface by combining a microorganism with an 
encapsulation material. 

11. The process according to claim 10, wherein combining a microorganism with an 
encapsulation material comprises combining said microorganism with a polymeric 
binder material. 

13. The process according to claim 1, wherein applying an effective amount of an 
encapsulated microorganism capable of microbial influenced degradation activity on 
said surface of a substrate comprises applying an effective amount of said 
encapsulated microorganism to a surface of a cementitious material. 

14. The process according to claim 13, wherein applying an effective amount of said 
encapsulated microorganism to a surface of a cementitious material comprises 
applying an effective amount of said encapsulated microorganism to concrete. 

15. The process according to claim 14, wherein applying an effective amount of said 
encapsulated microorganism to concrete comprises applying an effective amount of 
said encapsulated microorganism to a hot cell, pond, canal, sump, biological shield, 
room, floor, wall, or storage tank. 

16. The process according to claim 1, wherein applying an effective amount of an 
encapsulated microorganism capable of microbial influenced degradation activity on 
said surface of a substrate comprises applying an effective amount of said 
encapsulated microorganism to a surface contaminated by a radionuclide. 

17. The process according to claim 1, wherein maintaining the encapsulated 
microorganism on said surface for a time sufficient for microbial influenced 
degradation activity to degrade said substrate to a selected depth comprises 
maintaining the encapsulated microorganism on said surface for a time sufficient for 
microbial influenced degradation activity to degrade said surface to a depth of up 
to about 4 mm. 

18. The process according to claim 1, wherein maintaining the encapsulated 
mi c roorgani sm on said surface for a time sufficient for microbial influenced 
degradation activity to degrade said substrate produces a degraded layer. 
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TITLE: Fungal compositions for bioremediation 



Abstract Text (1) : 

Compositions and methods for bioremediation of sites contaminated with chemical 
pollutants, wherein survival and colonization of a polluted medium by a fungal 
microorganism having the capacity to degrade a chemical pollutant is enhanced; and 
microorganisms having the capacity to degrade one or more priority pollutants. 

Brief Summary Text (4) : 

The invention also relates to compositions for remediating an environment or site 
which has been contaminated with a chemical pollutant, and to methods for delivering 
microorganisms in combination with a carrier for the microorganisms to an 
environment or site which has been contaminated with a chemical pollutant and which 
is subject to bioremediation . Methods are presented for delivering nutrients in 
combination with a carrier for the nutrients to an environment or site which has 
been contaminated with a chemical pollutant and which is subject to bioremediation, 
as are methods for delivering nutrients in combination with a microorganism and a 
carrier to an environment or site which has been contaminated with a chemical 
pollutant and which is subject to bioremediation . 

Brief Summary Text (5) : 

Embodiments of the invention are presented relating to the biodegradation of 
benzo [a]pyrene, and to the fungus Marasmiellus troyanus. In particular, Marasmiellus 
troyanus isolate no. 216-1867 is presented, and compositions comprising M. troyanus 
isolate no. 216-1867 in combination with a carrier are presented. Yet further, the 
invention relates to the degradation of benzo [a] pyrene by M. troyanus, and the 
mineralization of benzo [a] pyrene by M. troyanus. A process for bioremediation of 
polluted media contaminated with benzo [a] pyrene is also shown. 

Brief Summary Text (7) : 

Chemical pollution of various media (e.g. soil, water) is a common problem worldwide 
which has a major economic impact at the local, national, and global levels. The 
remediation of sites polluted or contaminated with toxic chemicals or hazardous 
wastes using existing technologies is generally extremely costly, laborious and 
time-consuming. For example, in the U.S., Congress established a multibillion dollar 
fund (the Superfund) under the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980, 1986 and 1990 (commonly known as the Superfund Act) . The 
fund was established to pay for cleanup of polluted sites such as hazardous and 
municipal waste dumps, contaminated factories and mines, and leaking underground 
fuel storage tanks. During the eleven years between its inception and 1991, 30,000 
potential Superfund sites were surveyed. The time required for cleanup of a 
Superfund site by the EPA has been as long as 10 years. Remediation efforts at 
hazardous waste sites have been partially effective 54% of the time and completely 
effective only 16% of the time (Riser-Roberts, E., (1992) " Bioremediation of 
Petroleum Contaminated Sites," pp. 1-34, CRC Press, Boca Raton, Fla.). Currently, 
additional sites of chemical pollution are being discovered and new sites of 
pollution are being created worldwide. 

Brief Summary Text (9) : 

Improved technologies for remediation of polluted soil and water are urgently 
needed. Traditional methods for cleanup of contaminated soil has generally involved 
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excavation of the soil, followed by treatment or containment. Currently used 
techniques for remediating polluted soils include, for example, the physical removal 
of volatile materials by aspiration (vacuum extraction) and the incineration of 
contaminated soil. Because of the large volumes of soil usually involved, 
physicochemical methods such as those exemplified above may be prohibitively 
expensive. An alternative approach to cleaning up sites of chemical pollution is 
bioremediation, in which a biological organism is used as an agent for converting 
the chemical pollutant to less toxic or nontoxic compounds. For example, various 
microorganisms have been found to detoxify a number of toxic chemical pollutants 
(see, for example, G. Chaudry (Ed.) "Biological degradation & bioremediation of 
toxic chemicals," Dioscorides Press, Portland, Oreg., 1984). Biodegradation or 
detoxification of chemical pollutants is normally the result of one or more 
enzymatic reactions, including oxidation, reduction, hydrolysis, and conjugation 
(see, for example, D. W. Connell, & G. J. Miller, (1984) "Chemistry & Ecotoxicology 
of Pollution," pp. 1-48 Sc 231-247, John Wiley & Sons, Inc., New York, N.Y.). 

Brief Summary Text (10) : 

One factor limiting the efficacy of prior art bioremediation processes is the 
tendency of microorganisms to lose viability and decline in number following their 
introduction to the remediation site. It has been demonstrated by numerous field 
trials that, in general, microorganisms released into the soil tend not to spread 
from the point of application, and further that their numbers tend to decline over 
time (see, for example, J. D. van Elsas, & C. E. Heijnen, "Methods for the 
introduction of bacteria into the soil: A review," Biol. Fertil. Soils, 10:127-133, 
1990) . Factors militating against the propagation and survival of microorganisms 
introduced into soils include: competition with other organisms for nutrients, water 
and space; parasitism, antibiosis and predation by other organisms; and unfavorable 
physicochemical parameters of the soil milieu, including sub-optimal pH, water and 
oxygen concentrations. In the case of polluted soils, problems associated with 
survival and propagation of microorganisms introduced into such soil may be 
exacerbated by the presence of toxic pollutants at concentrations which are inimical 
to microbial growth. 

Brief Summary Text (14) : 

As mentioned above, in numerous field trials microorganisms have been released into 
the soil but their survival has been limited and their effectiveness poor due to the 
complex interactions and harsh conditions within the soil environment (J. D. van 
Elsas, Sc C. E. Heijnen, "Methods for the introduction of bacteria into the soil: A 
review," Biol. Fertil. Soils, 10:127-133, 1990). Techniques for in situ 
bioremediation of polluted soil can profit from lessons learned in nitrification, 
biocontrol, and other areas of applied microbiology in which living microorganisms 
are introduced into the environment. For example, to address the problems of lack of 
survival and effectiveness, microorganisms have been formulated with various 
carriers and encapsulating agents, and the formulations applied to the particular 
environment with varying results. One such carrier or encapsulating agent that has 
been used to encapsulate various fungi is alginate, a naturally occurring 
.beta. -1, 4-linked copolymer of . alpha . -L-glucuronate and . beta . -D-mannuronate . 
Alginate gel is non-toxic and biodegradable, making alginate gel beads well-suited 
as vehicles for the release of microorganisms, nutrients, etc., into the 
environment . 

Brief Summary Text (19) : 

None of the patents cited above, alone or in combination, teaches formulation of 
microorganisms having the capacity to degrade chemical pollutants, or the use of 
such organisms for bioremediation . Furthermore, the use of wheat bran in a fungal 
inoculum formulation, as taught by the process of Lewis et al . , is not suitable for 
some fungi. Thus, we have found that the white rot fungus Phanerochaete 
chrysosporium formulated with wheat bran did not yield growth of the fungus after 
the wheat bran- formulated fungus was plated on a nutrient medium. Moreover, our 
subsequent studies have demonstrated that wheat bran, as well as other wheat 
products including purified wheat gluten, actually caused inhibition of growth of P. 
chrysosporium growing from alginate gel beads formulated without wheat bran. On the 
other hand, inhibition of growth of P. chrysosporium or other fungi has not been 
observed when sawdust, corncob grits, Pyrax clay or any other non-wheat based 
materials were used to formulate fungal inoculum according to the instant invention. 
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Brief Summary Text (20) : 

Connick, Jr. discloses in U.S. Pat. Nos . 4,401,456 and 4,400,391 processes for the 
incorporation of biocidal chemical compounds, such as insecticides and herbicides, 
into alginate gels. Certain biocidal compounds, e.g. some pesticides, are known as 
environmental pollutants and as such are potentially subject to various 
bioremediation techniques, including the techniques disclosed herein. U.S. Pat. Nos. 
4,401,456 and 4,400,391 do not teach the encapsulation of fungi or other organisms. 

Brief Summary Text (21) : 

Mitchell, in U.S. Pat. No. 3,649,239 teaches formulations of fertilizers, either as 
solutions or emulsions, in combination with alginate for the purpose of slow release 
of fertilizer to soil. U.S. Pat. No. 3,649,239 does not teach formulation of 
microbial inoculum, nor encapsulation of fungi or of other organisms. 

Brief Summary Text (24) : 

Matsumura et al . , U.S. Pat. No. 5,342,779 discloses the use of Phanerochaete 
chrysosporium for the degradation of halogenated organic compounds in a polluted 
medium by contacting the medium with the fungus, and simultaneously exposing the 
medium to ultraviolet radiation. Matsumura et al. do not teach the encapsulation of 
a microorganism with a carrier, vehicle or gelling agent. 

Brief Summary Text (25) : 

Komatsu et al . , EP publication No. 0646642 A2 , discloses a microorganism (bacteria) 
in combination with a carrier and an inducer of a degradative enzyme, in which the 
microorganism is adsorbed on a surface of a carrier or on a surface of a 
water-absorbent polymer, and the microorganism and the carrier form an integral unit 
in that the microorganism remains in permanent association with the carrier. Thus, 
Komatsu et al. do not teach encapsulation of microorganisms with a carrier wherein 
the .microorganism grows from the carrier and propagates itself within the medium in 
the absence of the carrier. 

Brief Summary Text (26) : 

None of the patents or publications cited above teach the application of a 
microorganism formulated as an alginate bead to contaminated soil or to any other 
medium having toxic chemical pollutants therein, wherein the organism can remain 
viable within the alginate bead carrier for an extended period of time following 
application to the polluted medium; and the organism may grow away from the alginate 
bead carrier into the surrounding polluted medium and propagate itself, in the 
absence of the carrier, within the polluted medium; thereby the organism effectively 
colonizes the polluted medium into which the alginate bead formulation of the 
organism was introduced. Indeed, the ability to maintain a viable culture within the 
soil environment for a long enough duration, and in proximity to the target 
pollutant (s) , has been the limiting factor in most bioremediation applications to 
date. 

Brief Summary Text (27) : 

The degradation of toxic pollutants by many microorganisms, and particularly by 
bacteria, requires the pollutant to be not only in contact with or proximate to the 
microorganism, but also to be taken up by the cell where it can interact with 
intracellular degradative enzyme (s). White rot fungi, on the other hand, can perform 
this remedial function by the release of extracellular enzymes, such as ligninases. 
The mechanisms of enzymic degradation exhibited by many lignicolous microorganisms 
are non-specific and non-stereo selective, thereby increasing the metabolic 
versatility of such organisms and making them highly advantageous for bioremediation 
of sites contaminated with various pollutants. Likewise the considerable latitude in 
formulating degradative organisms as disclosed herein, increases the likelihood that 
any given degradative microorganism will have the ability to survive within, and 
colonize, a particular polluted medium subject to remediation. 

Brief Summary Text (28) : 

Although to date, the majority of microorganisms used for bioremediation have been 
bacteria (prokaryotes) , fungi (eukaryotes) are also potentially valuable in this 
regard. For example, in vitro laboratory studies with the lignolytic white rot 
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fungi, such as Phanerochaete chrysosporium, have shown the ability of these fungi to 
degrade a range of toxic compounds including polychlorinated biphenyls (PCBs) , 
chlorinated pesticides, polyaromatic hydrocarbons, such as benzo [a] pyrene , pyrene, 
phenanthrene, fluorene, and nitroaromatic compounds (e.g. trinitrotoluene, TNT) . D. 
P. Barr & S . D. Aust "Mechanisms white rot fungi use to degrade pollutants," 
Environmental Science Technology 28:78A-87A, 1994; J. A. Bumpus et al . "Oxidation of 
persistent environmental pollutants by a white rot fungus," Science 220:1434-1438, 
1985. The ability of Phanerochaete spp. to degrade a range of structurally unrelated 
compounds has been ascribed largely to their lignolytic metabolic activity (S.. D. 
Aust "Degradation of environmental pollutants by. Phanerochaete chrysosporium, " 
Microbial Ecology, 20:197-209, 1990). 

Brief Summary Text (29) : 

Despite the ability of P. chrysosporium and other lignolytic fungi to degrade 
numerous toxic pollutants, there has been little commercial success in applying 
these organisms to bioremediation . A major factor limiting the use of P. 
chrysosporium in bioremediation is the difficulty of introducing inoculum of the 
fungus to a contaminated medium in a manner that enables the fungus to grow and 
propagate within the medium. However, P. chrysosporium is not alone in this regard. 
On the contrary, it is normally problematic to establish recently- introduced 
microorganisms in a medium having an established indigenous microflora. The 
compositions and methods of the instant invention are designed to overcome the 
difficulty of establishing an introduced microorganism in such a medium, and to 
allow the successful use of a number of potentially valuable degradative organisms 
in bioremediation . 

Brief Summary Text (39) : 

It is a further object of the instant invention to provide a method of preparing 
inoculum of a microorganism in combination with a carrier material wherein the 
microorganism is encapsulated within the carrier material. 

Brief Summary Text (67) : 

Another feature of the invention is that it provides a composition comprising viable 
inoculum of a microorganism having the capacity to degrade a chemical pollutant in 
combination with one or more nutrients for the microorganism, in which the 
microorganism and the one or more of the nutrients are encapsulated within a carrier 
material . 

Brief Summary Text (75) : 

Another feature of the invention is that it provides a method of formulating viable 
inoculum of a microorganism having the capacity to degrade a chemical pollutant in 
combination with one or more nutrients for the microorganism, in which the 
microorganism and one or more of the nutrients are encapsulated within a carrier 
material . 

Brief Summary Text (85) : 

One advantage of the invention is that inoculum of a microorganism having the 
capacity to degrade a chemical pollutant can be preserved for subsequent use in 
bioremediation . 

Brief Summary Text (87) : 

Another advantage of the invention is that when encapsulated within a suitable 
carrier material, a microorganism having the capacity to degrade a chemical 
pollutant may remain dormant for an extended period of time in the presence of one 
or more nutrients for the microorganism. 

Brief Summary Text (88) : 

Another advantage of the invention is that when encapsulated within a suitable 
carrier material, a microorganism having the capacity to degrade a chemical 
pollutant and which has remained dormant for an extended period of time in the 
presence of one or more nutrients for the microorganism may become metabolically 
active by exposing the carrier material to moisture. 

Brief Summary Text (89) : 

Another advantage of the invention is that a microorganism encapsulated within a 
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carrier material, and introduced into a polluted medium, may grow from the carrier 
material and propagate itself within the polluted medium in the absence of a carrier 
material. 

Brief Summary Text (90) : 

Another advantage of the invention is that inoculum of a microorganism having the 
capacity to degrade a chemical pollutant can be encapsulated within a carrier 
material in combination with one or more nutrients for the microorganism, wherein 
the one or more nutrients are available to the encapsulated microorganism but are 
either unavailable or less available to other non -encapsulated microorganisms . 

Brief Summary Text (96) : 

Another advantage of the invention is that a pure culture of M. troyanus having the 
capacity to degrade benzo [a] pyrene can be encapsulated within a carrier material in 
combination with one or more nutrients for the M . troyanus, . wherein the one or more 
nutrients are available to the encapsulated M. troyanus but are either unavailable 
or less available to other non -encapsulated microorganisms . 

Brief Summary Text (101) : 

These and other objects, advantages, and features of the present invention are 
accomplished by the provision of a composition comprising a microorganism having the 
capacity to degrade a chemical pollutant in combination with a source of one or more 
nutrients for the microorganism, wherein the microorganism and the source of one or 
more nutrients are encapsulated within a carrier material, and the one or more 
nutrients are available to the encapsulated microorganism but are either unavailable 
or less available to other non-encapsulated organisms. 

Brief Summary Text (102) : 

These and other objects, advantages and features of the present invention are 
accomplished by the provision of a composition comprising a microorganism having the 
capacity to degrade a chemical pollutant, in which the microorganism is encapsulated 
within a carrier material when introduced into a polluted medium having an 
indigenous microflora; and the microorganism further has the capacity to 
subsequently grow to the perimeter of the encapsulating material, to sporulate 
thereat, and to release spores which are able to germinate, thereby propagating the 
microorganism in the medium and external to the encapsulating carrier material . 

Detailed Description Text (2) : 

The key role of many species of microorganisms in enacting biogeochemical change has 
long been recognized. For example, bacteria and fungi are the primary agents in the 
decomposition of waste materials and the remains of other organisms, and as such are 
of vital importance in the cycling of matter. Thus in the carbon cycle, organic 
compounds are subjected to oxidative catabolism by the combined metabolic activity 
of the microflora in the environment, eventually leading to the conversion of 
organic carbon to carbon dioxide. Many aerobic bacteria and fungi are capable of 
utilizing common components of other organisms (such as various lipids, 
carbohydrates, and proteins) as a source of carbon and energy thereby bringing about 
the decomposition of these materials. Only certain specialized microorganisms, 
however, are capable of decomposing more exotic organic compounds, including toxic 
naturally occurring compounds and chemically complex xenobiotics (see, for example, 
M. Alexander, "Biodegradation of chemicals of environmental concern, " Science 
211:132-138, 1981; G. Chaudry (Ed.) "Biological degradation & bioremediation of 
toxic chemicals, " Dioscorides Press, Portland, Oreg., 1994). 

Detailed Description Text (3) : 

Bioremediation is a process for environmental cleanup in which microorganisms, which 
may be either indigenous or introduced, are responsible for the removal or 
decomposition or degradation of chemical pollutants from contaminated sites. 
Microorganisms used for bioremediation are often highly specialized metabolically . 
The decomposition of chemical pollutants by a given microorganism is normally a 
function of its specific complement of degradative or catabolic enzymes, which in 
turn is a reflection of the phenotype and genotype of the microorganism. 

Detailed Description Text (4) : 

Microorganisms having the capacity to detoxify, decompose or degrade chemical 
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pollutants and which may be used in bioremediation of a polluted site, may be 
isolated elsewhere and be subsequently introduced to the polluted site, or they may 
already be present at the polluted site at relatively low levels and/or be present 
in a metabolically inactive state. Such microorganisms may be collectively referred 
to, in general terms, as degradative microorganisms. Degradative microorganisms, 
which have been isolated from the polluted site or obtained elsewhere, may be used 
in their native form (i.e. without attempting to change their metabolic 
characteristics) , or they may be changed phenotypically and/or genotypically, in 
order to increase their effectiveness, prior to their use in bioremediation . Thus, 
microorganisms deemed potentially useful as agents of bioremediation may undergo 
enrichment culture in the presence of a chemical pollutant, or in the presence of an 
analogue of a chemical pollutant, or the microorganisms may undergo mutation, for 
example by exposure to a known mutagen, or the microorganisms may be genetically 
manipulated using various recombinant DNA techniques (see, for example, T. Maniatis 
et al., Molecular Cloning: A Laboratory Manual, 1982, Cold Spring Harbor Lab, Cold 
Spring Harbor, N.Y.) 

Detailed Description Text (6) : 

The process of bioremediation offers the potential of a cost-effective and 
environmentally benign method of cleaning up the many sites worldwide which are 
contaminated by chemical pollutants. In some cases, bioremediation results in 
mineralization of a chemical pollutant, that is, the complete degradation of a 
pollutant to yield water and carbon dioxide (see, for example, M. Alexander 
"Biodegradation of chemicals of environmental concern," Science 211:132-138, 1981; 
J. A. Bumpus (1990) "Microbial degradation of environmentally persistent 
organopollutants : recent progress and future promise," In: Biotechnology and 
Biodegradation, D. Kamely et al . (eds.) Portfolio Pub. Co., Woodlands, Tex., pp. 
59-84; M. A. Providenti et al . "Selected factors limiting the microbial degradation 
of recalcitrant compounds," Journal of Industrial Microbiology 12:379-395, 1993). 

Detailed Description Text (7) : 

Chemical pollutants which have been successfully treated by bioremediation include 
benzene, toluene, and xylene (BTX aromatics) / certain pesticides; and explosives. G. 
Chaudry (Ed.) "Biological degradation & bioremediation of toxic chemicals," 
Dioscorides Press, Portland, Oreg., 1994). However, a common factor which tends to 
limit the efficacy of currently used bioremediation processes is the diminution in 
numbers of the introduced degradative microorganisms over time. Furthermore, in 
order to accomplish efficient remediation, the degradative organism should 
preferably propagate itself and effectively colonize the polluted medium. Thus, a 
major obstacle to effective bioremediation using prior art techniques is the 
delivery of inoculum of a particular microorganism capable of degrading a pollutant 
to a contaminated site such that the microorganism not only survives but also 
propagates itself within the contaminated medium. 

Detailed Description Text (8) : 

The majority of microorganisms used for bioremediation are bacteria (i.e. 
prokaryotes, mostly unicellular). D. D. Hale, et al . , "Biodegradation of chlorinated 
homocyclic and heterocyclic compounds in anaerobic environments," in Biological 
degradation and bioremediation of toxic chemicals, Ed. G. Chaudry, Dioscorides 
Press, Portland, Oreg., 1994; R. M. Atlas, et al . , " Bioremediation of petroleum 
pollutants. Diversity & environmental aspects of hydrocarbon degradation," 
Bioscience, 45:332-339, 1995. However, a number of fungi (i.e. eukaryotes, mostly 
multicellular) are also capable of degrading complex organic compounds, and are 
potentially valuable as agents for effecting bioremediation . Indeed, fungi which 
secrete extracellular degradative enzymes have the advantage of having the capacity 
to degrade a toxic chemical pollutant without being directly exposed to the toxin, 
exposure to which may adversely affect growth and metabolism. In contrast, bacterial 
enzymes are predominantly intracellular, and therefore degradation of a toxic 
chemical pollutant by bacteria ordinarily requires the pollutant to enter the 
bacterial cell where it has the potential to inhibit growth and metabolism. 
Moreover, extracellular enzymes of fungi have the potential to degrade compounds 
with low solubility, and compounds which cannot enter cells. Thus, although some 
bacteria are efficient degraders of low molecular weight hydrocarbons, higher 
molecular weight hydrocarbons are generally not degraded efficiently by bacteria, 
whereas several fungi do show the ability to degrade higher molecular weight 
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hydrocarbons . 

Detailed Description Text (9) : 

Another advantage of fungi as agents for bioremediation is their growth habit as 
thread-like hyphae and their multicellularity which allows them to penetrate and 
colonize substrates. Finally, fungi generally exhibit lower substrate specificity, 
as compared with bacteria, in the degradation of complex organic compounds. This 
lower substrate specificity of fungi has the potential for the degradation of a 
plurality of different chemical pollutants, either at the same site or at different 
sites, with the same fungal species or strain. 

Detailed Description Text (10) : 

Lignin is an important component of the cell walls of vascular plants as a 
constituent of cell walls of xylem, roots, fruits, buds, bark, and cork. Apart from 
its role in the formation of supporting and conducting tissues, lignin serves to 
protect other plant components from chemical, physical, and biological attack. Thus, 
lignin resists degradation by most microorganisms but is degraded by specialized 
lignicolous microbes. Lignin represents a class of high molecular weight polymers, 
comprising monomers of a phenylpropane residue. There are several structural 
variations of the phenylpropane residue, and numerous ways in which they can be 
linked together. Further, the polymerization process occurs randomly. Therefore 
there exists great diversity in the structure of lignin molecules, to the extent 
that each lignin molecule may in fact be unique. This chemical diversity of lignin 
explains the non-specific and non- stereo selective nature of lignolytic enzymic 
activity exhibited by many lignolytic microorganisms. In turn, the capacity of these 
organisms for non-specific degradation of complex ring compounds signals the 
potential of lignolytic microorganisms, as a group, for bioremediation of a broad 
range of pollutants. 

Detailed Description Text (11) : 

One of many fungi having potential as an agent for bioremediation is the white rot 
fungus Phanerochaete chrysosporium. This fungus, a natural inhabitant of forest 
ecosystems where it occurs on dead or decaying wood, possesses powerful lignolytic 
enzymic activity. As noted above, P. chrysosporium has the ability to degrade a 
number of toxic chemicals, including several common pollutants of the soil (T. 
Fernando & S. Aust, "Biodegradation of toxic chemicals by white rot fungi," in 
Biological degradation and bioremediation of toxic chemicals, pp. 386-400, Ed. G. P. 
Chaudry, Dioscorides Press, Portland, Oreg., 1994; A. Bumpus, et al . "Oxidation of 
persistent environmental pollutants by a white rot fungus," Science 220:1434-1438, 
1985. Additionally, P. chrysosporium possesses extracellular enzymes which are 
secreted from the fungal hyphae and are free to diffuse into the medium in advance 
of the hyphae, thereby allowing for degradation of toxic compounds at sites some 
distance from the fungal cells, and at the same time the fungus is bestowed with 
increased tolerance to toxic compounds which are subject to degradation. 
Furthermore, the ligninase enzymic system of white rot fungi does not require 
substrate or substrate analogues for induction. Consequently, white rot fungi may 
not require acclimation to a chemical pollutant, nor a lag period after exposure to 
a pollutant, in order for degradation of the chemical pollutant to commence. 

Detailed Description Text (12) : 

Despite the potential of P. chrysosporium as a bioremediation agent, it has proved 
difficult using conventional or prior art methods to formulate inoculum of the 
fungus in such a way that the fungus will establish a population which is 
sufficiently active and long-lived to be effective in remediating a polluted site. 
Compositions and methods of the instant invention are disclosed as valuable tools in 
overcoming this drawback. 

Detailed Description Text (13) : 

Other than P. chrysosporium, numerous other microorganisms have the capacity to 
degrade various chemical pollutants and may be used in conjunction with the instant 
invention for the purpose of bioremediation . Four organisms which have potential as 
agents of bioremediation, and their source, are listed in Table 1. A preferred 
organism for bioremediation, under the invention is M. troyanus strain no. 216-1867. 
However, recitation of the above organisms or those listed in Table 1 should not be 
construed as limiting the invention in any way; rather attention is drawn to the 
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'claims appended hereto which serve to define the scope of the invention. 
Detailed Description Text (14) : 

The instant invention is concerned with compositions comprising inoculum of 
microorganisms useful as agents for bioremediation and methods for formulating such 
compositions. The instant invention is also concerned with compositions comprising a 
source of one or more nutrients in combination with one or more carrier materials 
for facilitating bioremediation and methods for formulating such compositions. The 
instant invention is also concerned with methods of performing or facilitating 
bioremediation using the compositions and methods of the instant invention. 

Detailed Description Text (15) : 

A degradative microorganism may be combined with various carriers by mixing a 
preparation of the microorganism with the carrier material in various ratios to form 
a more or less homogeneous amorphous mixture. Such a mixture may take the form of a 
suspension, a paste or the like, depending on the particular carrier and 
microorganism and the ratios used. Alternatively, the combination of a degradative 
microorganism with a carrier material may be such that the microorganism is 
encapsulated by, or enclosed within, the carrier material. In the latter case, 
encapsulating material may be in a variety of shapes, including more or less flat 
layers or sheets and spheroidal pellets or beads. In addition, encapsulating 
materials in combination with a microorganism may be formed in specific ranges of 
size. The particular shape and size of the encapsulating material will depend on 
factors such as the nature of the microorganism, the composition of the carrier 
material, and the intended applications. A broad range of materials may be used as 
carriers, e.g. silica, peat, certain cereal grains or grain products, 
water-insoluble gels, and various clays or clay-like materials. Carrier materials 
may comprise mixtures of two or more of these or other materials. Furthermore, a 
given carrier material may be used to encapsulate two or more different species or 
strains of microorganisms in various combinations. 

Detailed Description Text (16) : 

Compositions comprising formulations of microbial inoculum under the invention 
comprise a microorganism capable of degrading a chemical pollutant in combination 
with a suitable carrier material. Under the invention, compositions for 
bioremediation may comprise two or more different species or strains of 
microorganisms which are able to coexist or are compatible. The two or more 
different microorganisms may act more or less independently during bioremediation : 
each organism may itself independently degrade or decompose the same chemical 
pollutant, or each organism may itself independently degrade or decompose one or 
more different chemical pollutants present in the same contaminated medium. For 
example, organisms A and B may both independently degrade compound Y, or organism A 
may independently degrade compound Y, while organism B may independently degrade 
compounds W and Z. When each of two or more different compatible organisms degrade 
or decompose the same chemical pollutant, the biochemical mechanism of degradation 
or decomposition of the chemical pollutant by the different organisms may be the 
same or different. Alternatively, two or more different compatible microorganisms 
comprising a single bioremediation composition may act in concert to degrade a 
particular chemical pollutant, that is, the two or more different organisms may 
complement each other metabolically with respect to degradation of the pollutant. 
For example, a first microorganism of the bioremediation composition may metabolize 
a toxic chemical pollutant to one or more products, at least one of which may also 
be toxic. A second microorganism may then metabolize one or more of the metabolic 
products of the first microorganism. 

Detailed Description Text (17) : 

In one embodiment of the invention, compositions further comprise one or more 
nutrients. Such nutrients may constitute the sole source of nutrients for the 
microorganism during a particular period prior to, or during, the bioremediation 
process, or they may represent nutrients which are supplementary to another source 
of nutrients. Nutrients to be supplied to a microorganism under the invention may be 
organic or inorganic, and may represent, for example: a source of energy, a source 
of carbon, a source of nitrogen, a source of phosphorus, a source of sulfur, a 
source of growth factors, a source of vitamins, a source of amino acids, a source of 
purine, a source of pyrimidine, a source of minerals, and a source of 
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micronutrients . 

Detailed Description Text (19) : 

Microorganisms and/or nutrient (s) comprising compositions under the invention may be 
admixed with a carrier material to form initially an amorphous, more or less 
homogeneous mixture, which subsequently may be cut, rolled, extruded, etc. to 
produce various forms of the composition. Or, the microorganisms and/or nutrient (s) 
may be encapsulated within the carrier material to form a capsule. It will be clear 
to the skilled artisan that the specific shape and size of such capsules can be 
varied, depending on factors such' as the nature of the encapsulated microorganism, 
the intended application of the encapsulated composition, ease of storage and 
handling, and the like. A preferred carrier material under the invention is a 
water- insoluble polymeric gel. A particularly preferred carrier is an alginate salt, 
and more preferably, calcium alginate. 

Detailed Description Text (22) : 

Inoculum of a fungus comprising a composition for bioremediation may be prepared by 
growing the fungus on any liquid or solid culture medium which will support its 
growth. However, preferably the culture medium will be one which supports vigorous 
growth and, optionally, sporulation of the fungus. The composition of the culture 
medium, aeration rate, incubation temperature, etc. will depend on the particular 
fungus to be grown for production of inoculum. Those skilled in the art will readily 
appreciate how these parameters may be successfully manipulated to obtain a suitable 
source of fungal inoculum. After a suitable period of incubation, the fungus may be 
harvested by suspending it in either spent liquid medium in which the fungus has 
been grown or in a sterile liquid, to provide a suspension of fungal inoculum. The 
fungal inoculum may be in the form of a suspension of mycelial hyphae, spores, or 
other propagules; or in the form of a suspension comprising a combination of 
mycelium, spores, and other propagules. In the latter case, the mycelium, spores, 
and other propagules of the suspension may be separated from each other to provide 
different types of inoculum suspension prior to adjustment of the concentration of 
the inoculum. If mycelium is used for preparing the inoculum it may be blended or 
comminuted to provide a suspension of hyphal fragments. The concentration of the 
hyphal fragments, spores or other propagules in the suspension may be adjusted to 
the desired concentration range, normally expressed as colony forming units/ml 
(cfu/ml) . The concentration of inoculum is preferably in the range of 10. sup. 3 
-10. sup. 9 cfu/ml, more preferably in the range of 10. sup. 5 -10. sup. 8 cfu/ml. 

Detailed. Description Text (24) : 

A suspension of fungal inoculum prepared as described above is diluted with a slurry 
of a water soluble salt of alginic acid in water. A preferred salt of alginic acid 
under the invention is sodium alginate. The preferred water is distilled water or 
deionized water. Preferably, the suspension of fungal inoculum is diluted 1:3 (v/v) 
with a slurry of 0.7-2.5% sodium alginate (by weight) in deionized water to give a 
final sodium alginate concentration of 0.525-1.875% (by weight). More preferably, 
the final sodium alginate concentration is in the range of 0.75-1.5% (by weight). 
Most preferably the final sodium alginate concentration is in the range of 0.9-1.1% 
(by weight) . The mixture may be amended by the addition of various inorganic or 
organic materials, including, for example, a source of at least one nutrient for the 
microorganism, and/or supplementary water absorbent materials or fillers such as 
clay, ground silica, sawdust, corncob grits, and the like. It is to be understood 
that certain carrier materials, as well as certain water absorbent materials or 
fillers can also serve as a direct source of at least one nutrient for the 
microorganism. That is to say, certain components of an inoculum composition under 
the invention may play a dual role as a source of at least one nutrient for the 
microorganism and as a supplementary water absorbent filler or carrier material. For 
example, a carrier material such as alginate gel may play a dual role as a vehicle 
or encapsulating agent for a microorganism and as a reservoir for the slow release 
of micronutrients required for the growth of microorganisms. In particular, the 
addition of suitable proportions of certain supplementary water absorbent materials 
to the fungal inoculum/ sodium alginate mixture may serve to enhance survival of the 
microorganism within the carrier material, and may also promote establishment of the 
microorganism in the environment into which it has been introduced. 



Detailed Description Text (34) : 
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At each stage, phase, or level of colonization of a polluted medium by an introduced 
microorganism as referred to above, vegetative growth and/or propagules may produce 
one or more intracellular or extracellular degradative enzymes. The ability of an 
introduced fungus to propagate itself and colonize a polluted medium is necessary 
for an efficacious in situ bioremediation process, since contact of the mycelium, or 
extracellular enzymes emanating therefrom, with the pollutant is required for 
degradation of the pollutant; and, colonization of the polluted medium provides a 
larger area of mycelium and allows extracellular enzymes to contact a larger volume 
of pollutant. 

Detailed Description Text (38) : 

According to one embodiment of the invention, compositions may comprise a source of 
one or more nutrients for a microorganism capable of degrading a chemical pollutant, 
and a carrier for the source of one or more nutrients. Such a composition may be 
added to a polluted medium which is subject to in situ bioremediation by one or more 
degradative microorganisms, where the composition may provide for the controlled 
release of one or more nutrients for use by one or more microorganisms over an 
extended period of time. 

Detailed Description Text (39) : 

Apart from the introduction of microbial inoculum into a polluted medium, such as 
soil, other bioremediation technologies include bioreactors, land farming, and 
composting (see, for example, P. Morgan & R. J. Watkinson, "Hydrocarbon degradation 
in Soils and Methods for Soil Biotreatment , " CRC Critical Reviews in Biotechnology 
8:305-333, 1989). For example, bioreactors containing one or more different 
microorganisms having the capacity to degrade one or more pollutants may be used for 
the ex situ bioremediation of polluted groundwater, such as groundwater contaminated 
with hydrocarbons or other petroleum derived products, organic pollutants tend to 
accumulate in the upper layers of groundwater. Water from different layers of 
groundwater may be selectively pumped or otherwise removed from the ground, 
depending on the circumstances including the degree and nature of the contaminants, 
the capability of the degradative microorganism (s ) , the nature and capacity of the 
bioreactor, and the projected end-use of the remediated water. Contaminated water 
may be circulated through a bioreactor, at an appropriate rate, where removal or 
degradation of one or more pollutants is enacted by the resident microflora. 
Effluent from the bioreactor may be used directly, stored separately from the 
groundwater reservoir, or returned to deeper, less contaminated layers of 
groundwater. 

Detailed Description Text (40) : 

Degradative microorganisms for use in bioreactors may be formulated in various ways 
in order to maintain their viability and metabolic activity. Compositions comprising 
degradative microorganisms and methods of making such compositions, under the 
invention, for use in bioreactors or other ex situ bioremediation processes may be 
performed essentially as described above in the context of in situ bioremediation of 
soil. A preferred formulation of degradative microorganisms for use in bioreactors 
under the invention is encapsulating alginate gel beads. A preferred microorganism 
for use in bioreactors under the invention is M. troyanus. A more preferred 
microorganism for use in bioreactors under the invention is M. troyanus strain no. 
216-1867. 

Detailed Description Text (101) : 

Although the invention has been described primarily with reference to formulation of 
fungi for the purposes of bioremediation, fungi formulated according to the 
invention may also be used as a convenient form of inoculum for introducing 
microorganisms into various environments for other purposes, including: composting, 
and as mushroom spawn. Fungi formulated according to the invention may also be used 
in drain cleaners and/or for other cleaning purposes, for cleaning grease and other 
such products. The fungi might even be used as an insect killing agent. 

Current US Original Classification (1) : 
435/254.1 



Current US Cross Reference Classification (2) : 



435/262 
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Current US Cross Reference Classification (3) : 
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cells for use in soil," Microbial Releases 1:61-69 (1992). 
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Other Reference Publication (31) : 
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DOCUMENT- IDENTIFIER: US 6051411 A 

TITLE: Microorganisms immobilized in chitosan crosslinked with lignosulphonate for 
purification of waste water 



Abstract Text (1) : 

Microorganisms which may be in the form of homogenated anaerobic sludge are 
immobilized in a polymeric gel matrix containing chitosan and lignosulphonate. A 
mixture of chitosan solution and a microorganism is added dropwise to a solution of 
lignosulphonate to crosslink chitosan droplets and form beads of 
chitosan/lignosulphonate matrix membrane encapsulating the microorganism . 
Alternatively, the mixture is added to a water-insoluble organic phase to form 
chitosan beads in an emulsion, and to the emulsion is added a lignosulphonate 
solution to crosslink the beads and form a chitosan/lignosulphonate matrix membrane 
encapsulating the microorganism . In another embodiment, anaerobic bacteria in the 
form of granules are encapsulated in the chitosan/lignosulphonate matrix membrane 
and the membrane contains another bacterial specie (s). Waste water containing 
biodegradable polychlorinated aliphatic hydrocarbons is purified by contacting with 
microorganisms including anaerobic and methanotrophic species encapsulated in beads 
of the chitosan/lignosulphonate matrix membrane. Reductive dechlorination is 
effected by the anaerobic species and aerobic mineralization of intermediates is 
effected by the methanotrophic species which may produce methane monooxygenase . 

Brief Summary Text (15) : 

According to another aspect of the invention, a method is provided for the 
purification of waste water containing biodegradable polychlorinated aliphatic 
hydrocarbons, comprising contacting the waste water with microorganisms capable of 
biodegrading such hydrocarbons, said microorganisms being encapsulated in beads at a 
chitosan/lignosulphonate matrix, whereby reductive dechlorination is effected by 
anaerobic species, and aerobic mineralization of intermediates is effected by 
methanotrophic species. 

Detailed Description Text (10) : 

According to the first aspect of the invention, homogenized anaerobic sludge is 
mixed with a solution of chitosan (1-1 . 5% w/v) in a glacial acetic acid solution 
while maintaining a pH in the range of 4.0-5.0. The mixture is then added dropwise 
to an aqueous solution of lignosulphonate (8-12% w/v) preferably about 10% w/v, to 
form beads of the chitosan/lignosulphonate matrix encapsulating the bacteria, and 
stirred for 1-3- hours in order to harden the beads. During the dropwise addition of 
the chitosan/cells mixture the pH of the lignosulphonate solution is maintained at 
pH 7-8 by the addition of a suitable buffer e.g. tris buffer. After the beads harden 
for 1-3 hours, they are washed with distilled water. 

Detailed Description Text (14) : 

Alternatively, anaerobic granules can be coated with chitosan which contains another 
bacterial specie(s). This is done by mixing granules, aqueous chitosan (1-1.5% w/v), 
and a third specie (s) and then dispersing this mixture (i.e. air sparging) in a 
solution of (8-12% w/v, preferably 10%, lignosulphonate. The end product is 
anaerobic granules coated with a chitosan/lignosulphonate matrix membrane 
encapsulating the other bacterial specie (s) . 



Detailed Description Text (27) : 

3. Guiot, S. R., Kuang, X., Beaulieu. C, Corriveau, A., Hawari, J. A. Anaerobic and 
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'aerobic/anaerobic treatment for tetrachloroethylene (PCE) . In: Bioremediation Series, 
Bioremediation of Chlorinated Solvents (Hinchee, R, Leeson, A and Semprini, L., 
eds.), Battelle Press, Columbus, Ohio, 1995, 3(4): 191-198 

Current US Original Classification (1) : 
435/178 

Current US Cross Reference Classification (1) : 
435/177 

Current US Cross Reference Classification (2) : 
435/262 .5 

CLAIMS : 

I. A method for the immobilization of a microorganism, comprising 

(a) providing an aqueous solution of chitosan and an acid, wherein the concentration 
of chitosan is 1-1.5%/ w/v, 

(b) adding a microorganism, to the solution, while maintaining the pH in a range of 
4.0 to 5.0 to form a mixture, 

(c) adding the mixture dropwise to an aqueous solution of lignosulphonate, wherein 
the concentration of lignosulphonate is 8-12% w/v, while maintaining the pH in the 
range of 7 . 0 to 8 . 0 by means of a buffer, to form beads of a 

chitosan/lignosulphonate matrix membrane encapsulating the microorganism, and 

(d) stirring to harden the beads. 

7. A method for the immobilization of a microorganism, comprising 

(a) providing an aqueous solution of chitosan, wherein the concentration of chitosan 
is 1-1.5% w/v, 

(b) adding a microorganism to form a mixture, 

(c) adding the mixture to a non- toxic water- insoluble organic phase to form chitosan 
beads and stirring to form an emulsion, and 

(d) adding to the emulsion formed in (c) , an aqueous lignosulphonate solution, 
wherein the concentration of lignosulphonate solution is 8-12% w/v, to cross-link 
the beads and form a chitosan/lignosulphonate matrix membrane encapsulating the 
microorganism . 

II. A method according to claim 7, wherein in step (b) the microorganism comprises 
anaerobic bacteria in the form of granules and another bacterial specie (s), and 
wherein step (d) includes air sparging, whereby the anaerobic granules are 
encapsulated in a chitosan/lignosulphonate matrix membrane and the other bacterial 
specie (s) is is contained in the membrane. 

12 . A method for the purification of waste water containing biodegradable 
polychlorinated aliphatic hydrocarbons, comprising 

contacting the waste water with microorganisms including anaerobic and 
methanotrophic species capable of biodegrading such hydrocarbons, said 
microorganisms being encapsulated in beads of a chitosan/lignosulphonate matrix, 
whereby reductive dechlorination is effected by anaerobic species, and aerobic 
mineralization of intermediates is effected by methanotrophic species. 
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File: USPT 



Jan 26, 1999 



DOCUMENT- IDENTIFIER: US 5863789 A 

TITLE: Microorganism-holding carrier and method for remediation of soil employing 
the carrier 



Brief Summary Text (10) : 

On the other hand, soil remediation utilizing a microorganism, namely 
bioremediation, is promising. 

Brief Summary Text (11) : 

The bioremediation methods include strengthening of self -cleaning function of 
ecosystem by activating a native microorganism in the soil to decompose the 
polluting substance into an innoxious substance; and include also, as an improved 
method, intentional introduction of microorganism having the ability to decompose 
the polluting substance from the outside to accelerate the remediation of the 
polluted soil. 

Brief Summary Text (17) : 

On the other hand, in addition to the improvement of survivability of the applied 
microorganism, the bioremediation involves another problem on efficiency of 
diffusion of the applied microorganism in the soil. The bioremediation is directed 
to a polluted land over a large area which contains a pollutant at a low 
concentration, and therefore cannot be treated by a physicochemical method such as 
vacuum extraction. To clean such soil practically, the decomposing microorganism is 
required to diffuse in the polluted soil. However, the microorganism cannot easily 
migrate in the soil. Therefore, a method needs to be developed for bringing the 
microorganism to the proximity to the polluting substance in the soil. Currently 
conducted methods include injection of a decomposing microorganism into soil by 
pressure of water or air, application of a large amount of a decomposing 
microorganism, and so forth. With such a method, however, the diffusion of the 
microorganism is extremely impeded in some kinds of soils such as soils of a high 
clay content or of a low water content. Therefore, an improved method is required. 

Detailed Description Text (35) : 

The highly water-absorbent polymer does not absorb or supplies (gradually releases) 
water one-sidedly, but it can repeat cycles of absorption and gradual release in 
accordance with the water content of the soil. Therefore, a polluting substance in a 
low concentration in soil of low water content, which cannot be decomposed readily, 
can be decomposed acceleratedly in a following manner. A highly water-absorbent 
polymer holding a decomposition microorganism without water absorption is applied to 
polluted soil. To this soil, water or a culture medium is added in consideration of 
the water content of the soil. The added water or a culture medium into which a 
small amount of the polluting substance has come to be dissolved is gradually 
absorbed by the applied highly water-absorbent polymer and thereby is brought close 
to the decomposition microorganism. At this time, a part of the polluting substance 
is decomposed by the microorganism. As the water content of the soil, which had once 
increased by addition of the water or the culture medium, decreases with lapse of 
time, the absorbed water is gradually released from the highly water-absorbent 
polymer. In this step also, the polluting substance in the released solution is 
decomposed by the microorganism. After a certain time when the water content of the 
highly water-absorbent polymer has decreased, water or the culture medium is again 
added thereto. Thereby, still remaining small amount of the polluting substance is 
dissolved in the liquid, and the liquid is absorbed by the highly water-absorbent 
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'polymer to decompose the substance by the microorganism in the same manner. By 
repetition of the steps, the soil containing a polluted substance at a low content 
and water at a low water content can be cleaned efficiently. This method, in 
contrast to conventional bioremediation which collects the polluting substance 
diffused in the soil, is characterized in that a polluting substance is transferred 
in the soil by utilizing the water absorbing power as the driving force to collect 
the polluting substance close to the decomposition microorganism. This method makes 
easy the cleaning of the soil in which a microorganism does not readily diffuse, 
e.g., soils of a high clay content. The addition of the water or the liquid culture 
may be conducted in a conventional manner. 

Detailed Description Text (100) : 

In this Example, were employed Pseudomonas cepacia KK01 strain (FERM BP-4235) having 
TCE decomposition activity as the microorganism, phenol as the water-soluble inducer 
of biological -activity, and a polyacrylamide gel as the carrier and holder of the 
above microorganism and the inducer. The spherical microorganism-holding carrier 
coated with a bimolecular lipid film was used as the inducer-holder . 

Current US Original Classification (1) : 
435/262 

Current US Cross Reference Classification (1) : 
435/178 



Current US Cross Reference Classification (2) : 
435/179 

Current US Cross Reference Classification (3) : 
435/180 



Current US Cross Reference Classification (4) : 
435/244 



Current US Cross Reference Classification (5) : 
435/245 " ~ " 

Current US Cross Reference Classification (6) : 
435/262 .5 
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DOCUMENT- IDENTIFIER : US 5807724 A 

TITLE: Degradation of petroleum hydrocarbons with organisms encapsulated in wax 



Brief Summary Text (9) : 

In my experiments I have found that of the 3 00+species of Candida, three particular 
species of the genus Candida lipolytica, more specifically, C. albicans; C. 
guilliermondii; and C. yarrowia, have performed exceedingly well in degrading sample 
oils in my laboratory. I selected and specified these particular species for 
claiming in my discovery, as they possess certain properties with regard to nutrient 
requirements (some require no nutrient; are aerobic or anerobic) , possess the 
ability to produce lipase across a broad temperature range (>-10 F. to >+68 F.), and 
are capable of maintaining basal cellular activity in salt or fresh waters. Of 
course, other species and organisms of and not of the genus C. could and may also be 
used as a component in the bioremediation device, instant, and in that regard the 
examples cited above should be interpreted as being illustrative, rather than 
limiting. 



Brief Summary Text (14) : 

Accordingly, the present invention provides encapsulated microbes or cryptobiotic 
microbes. The microbes possess the ability to produce chemical -degrading enzymes. 
Preferably, the microbes are capable of producing lipase (a hydrocarbon-degrading 
enzyme) . 

Brief Summary Text (18) : 

Preferably, the encapsulated microbes are contained in a buoyant container to act as 
a flotation device. Preferably, the container has affixed thereupon fastening means 
or mechanisms. An example of a suitable fastening means is a Velcro.RTM. fastening 
system. The fastening means may also comprise of a manufactured orifice, slot or 
receptacle or a curved protrusion. The fastening means enables attachment of two or 
more similar flotation . devices . The present invention thus provides an efficient and 
convenient delivery system enabling use of a single encapsulated -microbe -containing 
flotation device or multiple fastened devices. 

Current US Original Classification (1) : 
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" 435/281 
CLAIMS : 

1. A bioremediation system for the remediation of a petroleum hydrocarbon on water, 
said bioremediation system comprising: a buoyant container, said buoyant container 
including therein a plurality of bioremediation devices, each of said bioremediation 
devices comprising an organism capable of producing a substance for degrading a 
petroleum hydrocarbon and a shell containing said organism, said shell consisting 
essentially of a wax. 

13. A method for degrading a petroleum hydrocarbon comprising: placing a plurality 
bioremediation devices in contact with said petroleum hydrocarbon, each of said 
bioremediation devices comprising an organism capable of degrading said petroleum 
hydrocarbon and a shell containing said organism, said shell consisting essentially 
of a wax. 
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File: USPT 
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DOCUMENT- IDENTIFIER: US 5609667 A 

TITLE: Process and material for bioremediation of hydrocarbon contaminated soils 



Parent Case Text (2) : 

The present application is a continuation-in-part of Ser. No. 08/219,843 filed Mar. 
30, 1994 entitled "Process and Material For Bioremediation of Hydrocarbon 
Contaminated Soils" and now abandoned. 

Detailed Description Text (14) : 

In about eighty (80) days, the plant in the product of the invention started to 
sprout new growth. This phenomena raised a working hypothesis that there was 
microbial action or bioremediation in the soil, apparently contributed by 
microorganisms indigenous to the inventive adsorbent itself. The invention adsorbent 
is a cellulose derived from an oil bearing plant (cotton seeds) . Cellulose from 
peanut hulls, rice hulls, corn cobs, soybeans or other oil-bearing plants is 
believed to have similar microbial and physical characteristics. 

Detailed Description Text (15) : 

In a second test, a new plant was planted in the remaining samples of the diesel 
fuel contaminated material without additional moisture. The other three (3) plants 
died and the product of invention kept the plant alive but without growth. It was 
completely unexpected that one part of the contaminated dirt now grew a flower, and 
one part, even though sitting in the same room, did not support growth. As the only 
difference between the soils was the first set of material with the growing flower 
was kept damp during the time of the experiment. It appears that the moisture and 
oxygen to the soil enhanced the growth of indigenous bacteria, thus causing 
bioremediation of the soil. Soil without moisture did not start bacterial digestion 
of the hydrocarbon and remained dormant . 

Detailed Description Text (23) : 

This product, comprising a powdery cellulose material with approximately 3-8% 
effective nitrogen bearing nutrient and trace phosphorus, supports the enhanced 
growth of indigenous microorganisms which are encapsulated in the cellulosic 
adsorbent. The cellulose is derived from oil-bearing plants (i.e. cotton seed) and 
is believed to have indigenous microorganisms that adapt readily to metabolize oils. 
The cellulose, when moistened, adsorbs and binds hydrocarbons; the nutrients rapidly 
develop large indignous bacterial populations which are active in the reduction of 
the adsorbed hydrocarbons to benign by-products, particularly water and carbon 
dioxide. In addition, the treated powdered cellulosic material has a particularly 
high absorption of hydrocarbons and, therefore, enhances the movement of the 
hydrocarbons from the soil into contact with the enhanced bacterial populations. The 
end result is a material which has a significantly greater effectiveness in the 
reduction of hydrocarbons within the soil and a significantly enhanced speed of 
reduction with minimum labor. 
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File: PGPB 



May 24, 2001 



DOCUMENT- IDENTIFIER : US 20010001454 Al 

TITLE: Process for controlling foam in a treatment reactor 



Summary of Invention Paragraph (17) : 

[0016] A typical method of controlling foam has comprised breaking the walls of the 
foam bubbles by manual or physical means. For example, some reactors have employed 
one or more cutting blades rotated by a motor. The blades spin through the foam 
layer, thereby rupturing foam bubbles, converting the foam back into a liquid. There 
are disadvantages to this approach for controlling foam, including maintenance and 
energy costs and efforts, particularly for a high rpm motor. Furthermore, the 
cutting blades may erode over time and require periodic replacement. Another 
disadvantage is that the motor that rotates the cutting blades is typically placed 
at the top of the reactor (outside the biosolids solution and the foam) . However, 
the heat that can build up at the top of the reactor may shorten the life expectancy 
of the motor. 

Summary of Invention Paragraph (25) : 

[0023] In the present invention, the perceived problem of foaming caused by the 
treatment process is turned into an advantage. The inventor has noted that foam can 
act as an insulator between the biosolids solution and the air in the top of the 
reactor. In a typical reactor, the reactor is vented to the atmosphere so that it is 
not under pressure. As a result, the temperature of the air in the reactor is 
affected by the temperature of outside the reactor; in some cases, the temperature 
of the air in the reactor may be the same as the ambient temperature outside. By 
refraining from destroying all the foam bubbles, it is possible to use the foam as 
an insulator between the biosolids solution and the air in the reactor. Preferably, 
a foam control system is operated to maintain a layer of foam having a depth of from 
about four to about eight feet, preferably about six feet. 

Summary of Invention Paragraph (33) : 

[0031] As discussed above, the foam created during the treatment process can be used 
to advantage, as an insulator between the biosolids solution and the air in the 
reactor. Nonetheless, a reliable foam control system is necessary to maintain a 
layer of foam at a desirable depth and prevent an excess of foam from escaping from 
the reactor. 

Summary of Invention Paragraph (35) : 

[0033] In one embodiment, the method comprises the additional or separate steps of 
generating a layer of foam on top of the biosolids solution, transferring a portion 
of the layer of foam from on top of the biosolids solution into the biosolids 
solution through a foam transfer pipe, and converting at least some of the portion 
of the layer of foam into liquid during transfer through the foam transfer pipe. The 
foam transfer pipe preferably includes a static mixer or other means that impart a 
dynamic mixing action to the foam, thereby rupturing or collapsing foam bubbles. 
Dynamic mixing action is action that imparts turbulence or energy that causes foam 
bubbles to collapse or rupture. One way to impart dynamic mixing action is to cause 
the fluid to have turbulent flow; another way is to mix the fluid or cause the fluid 
to move in a swirling motion. Alternately, the method may comprise the steps of 
transferring a portion of the foam from on top of the solution into the solution 
through the foam transfer pipe; mixing the foam in the foam transfer pipe so that at 
least some of the portion of foam is converted to liquid while passing through said 
foam transfer pipe; and drawing at least a portion of foam (which may be converted 
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to liquid) by suction through at least a portion of the foam transfer pipe. The 
source of the suction may be an outer nozzle of a jet aeration system similar to 
those described herein, except that one outer nozzle is not connected to an air 
header; instead, it is dedicated to the foam transfer pipe. As fluid flows through 
the inner nozzle, it generates a vacuum or draw in the outer nozzle that pulls or 
sucks liquified foam from a foam transfer pipe that is fluidly connected to the side 
of the outer nozzle. 

Detail Description Paragraph (15) : 

[0053] The secondary cooling system is generally a liquid by-pass that transfers the 
reactor contents above the foam layer and through a jet -cooling nozzle. This action 
exposes the reactor contents to the atmosphere above the foam layer, thus causing 
the reactor contents to release heat. The secondary cooling system may be include a 
conduit 45 located outside the reactor which routes biosolids above the foam layer . 
This conduit 45 may attached to the pipe leading from the motive pump back into the 
reactor. An actuated valve 46 may be placed so that the biosolids solution's access 
to the conduit 45 is controlled, perhaps through the PLC based on the reading of the 
temperature sensor. The secondary cooling system may also comprise a cooling jet 
nozzle 47 at the downstream end of the cooling conduit. The cooling jet nozzle 47 
injects the biosolids solution back into the reactor 33 at a predetermined location 
or height. 

CLAIMS : 

1. A process for the aerobic treatment of biosolids solution comprised of the 
products of waste water treatment and thermophilic bacteria capable of digesting 
mesophilic bacteria, said process comprising: (a) thickening the biosolids solution 
before it first enters a biosolids treatment reactor to a concentration of from 
about 3% to about 6% solids ; (b) mixing a portion of biosolids solution with an 
oxygen-containing gas stream using a jet aeration device; (c) injecting a mixture of 
the oxygen-containing gas and biosolids solution into the reactor at a flow rate 
which introduces sufficient oxygen into the biosolids solution so that the treatment 
environment is substantially constantly aerobic; (d) controlling the temperature of 
the biosolids solution by adjusting the amount of shear generated through the jet 
aeration device; (e) generating a layer of foam on top of the biosolids solution; 
(f) transferring a portion of the foam from on top of the biosolids solution into 
the biosolids solution through a foam transfer pipe; and (g) converting at least 
some of the portion of the foam into liquid during transfer through the foam 
transfer pipe . 
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DOCUMENT- IDENTIFIER: US 6283676 Bl 

TITLE: Sequential aerobic/anaerobic solid waste landfill operation 
Abstract Text (1) : 

Landfills including multiple lifts having horizontal piping layers and methods for 
their use to accelerate anaerobic and/or aerobic degradation of municipal solid 
waste to increase landfill capacity. 

Brief Summary Text >(37) : 

In one embodiment, this invention is a method for biodegrading municipal solid waste 
by sequential aerobic and anaerobic bioremediatoin . The method includes the steps of 
creating a landfill bioreactor having a bottom surface; locating leachate withdrawal 
piping on the landfill bottom surface; placing a first lift of waste material on top 
of the leachate withdrawal piping to form a first lift having a first lift top 
surface; placing a first piping layer on the top surface of the first lift; placing 
a second lift of waste on top of the first piping layer form a second lift having a 
second lift top surface; placing a second piping layer on the top surface of the 
second lift; and introducing air into the second lift using the first piping layer . 

Drawing Description Text (3) : 

FIGS. 2-4 are side cross -section views of a landfill bioreactor of this invention 
that depict steps of a process of this invention for sequentially biodegrading 
layers of municipal solid waste ; 

Detailed Description Text (15) : 

The landfill lifts of this invention must include at least some compostable waste 
materials. Preferably, the waste material used to construct the landfill lifts will 
include at least 50% and preferably 75% or more of compostable material. Preferably, 
t ^ ie wast e material is municipal solid waste . Additionally, industrial wastes , 
sludges, and biosolids are typically commingled with the municipal solid waste . Each 
lift preferably has a thickness of from 5 feet to about 20 feet with a lift 
thickness of about 10 feet being preferred. This lift thickness allows air to 
penetrate into the landfill lifts above and below a given piping layer to cause 
accelerated aerobic decomposition of the compostable waste material. 

Detailed Description Text (23) : 

Variations in the method for mediating solid waste using a plurality of horizontally 
spaced piping layers are within the scope of this invention. For example, anaerobic 
conversion of waste lifts may be replaced by aerobic conversion in the event, for 
example that insufficient moisture and water is available to maintain the landfill 
at a desirable moisture levels. This may occur seasonally in landfills during time 
of extremely cold weather or during periods of drought and the absence of sufficient 
moisture in the landfill can promote undesirable landfill fires. 
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L9: Entry 3 of 8 File: USPT Nov 23, 1999 



DOCUMENT- IDENTIFIER: US 5989428 A 

TITLE: Controlling wastewater treatment by monitoring oxygen utilization rates 
Detailed Description Text (34) : 

A means for maintaining a maximum potential B I ORATE in an initial designated 
unaerated reaction zone for the culture through the defined admixture of influent 
wastewater and biomass from the principal and final designated reaction zone, a 
means for introducing dissolved oxygen into the specified principal reaction zone(s) 
for operation under preselected area and pre-programmed aeration sequences, a means 
for interrupting the influent wastewater to the initial designated reaction zone, a 
means for removing a fraction of the supernatant clear treated wastewater after a 
set sequence of non-aeration, a means for detecting and measuring the position of 
the biosludge interface layer, a means for interacting the biosolids interface with 
the biosludge wasting program with the detection of the biosludge interface 
position, a means for setting automatic time sequences for automatic operations, a 
means for operation of the principal final designated reaction volume as a variable 
volume complete -mix unit, a means for measuring the biorate in the principal final 
designated reaction volume using a dissolved oxygen sensor properly placed in that 
basin volume, a means for measuring the rate of change of dissolved oxygen 
concentration and making comparison with the actual respiration rate to control the 
rate of introduction of dissolved oxygen into the treatment system, a means of 
operation for maximising the ratio of potential oxygen utilization rate (determined 
through defined ad mixture of influent and biomass from the principal reactor) to 
oxygen utilisation rate in the principal reactor, a means for automatically setting 
the duration of the aeration sequence as measured and calculated by the actual 
respiration rate, a means for optimising the use of aeration power to effect 
nitrification and denitrif ication, a means of operating the system through BIORATE 
control to effect maximum biological phosphorus removal, a means for operating the 
process so that the principal final designated aeration volume operates at an 
approximate biological steady state actual respiration rate (corrected for active 
fraction of biomass) , a means for using the dissolved oxygen depletion rate that 
results from interrupting the air flow to the basin and a biomass concentration 
settling algorithm to provide the BIORATE parameter, a means for removing near 
surface supernatant liquor at from about 20 cm below the liquid surface at a 
constant rate to equivalent liquid depths up to two metres in a preferred 5-6 metre 
basin depth wherein the reactor configurations permit end basin or across basin 
centre feed location, and the reactor configurations permit transverse or 
longitudinal location of effluent decanting devices, whereby the apparatus and 
process is used to treat wastewater. 

Detailed Description Text (59) : 

This invention, in its preferred embodiment is specific to reaction conditions that 
are generated and not necessarily to numbers and zones of the reactor volumes 
through which the said reactants pass. This is not a limitation on the embodiment. 
Principally the volume fraction as described as the fed-batch reactor undergoes 
complete mix aeration, during a specific aeration cycle, for which variable volume 
complete mix kinetics can be ascribed to that specific volume. Following the 
specific non-aeration sequence, during which time a solids layer and an upper 
supernatant layer segregate, the relative depths being dependent upon the contact 
flow history of influent wastewater and the mixed liquor solids concentration of a 
stream of solids, which is directed from the principal variable- -volume completely 
mixed volume to the influent stream of wastewater for admixture. This embodiment of 
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f operation requires a means of removing a specified fraction of the supernatant upper 
layer during the continued non-aeration sequence. When this event is completed, the 
aerated sequence is continued with further admixture of reactants as prescribed 
previously. 

CLAIMS : 

4. The method of claim 1, wherein up to 40 percent of the design depth of the 
variable depth reactor is removed during the decantation step at a rate that does 
not cause removal of settled solids from within a settled sludge layer in the 
reactor. 
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L9 : Entry 4 of 8 



File: USPT 



Jan 26, 1999 



DOCUMENT- IDENTIFIER: US 5862610 A 

TITLE: Method for coating dry pellets made of waste bio-solids with waste bio-solids 



Abstract Text (1) : 

Method and apparatus are provided for reprocessing dry pellets made of waste 
bio-solids in which the pellets and wet sludge waste bio-solids are supplied to the 
inlet of a material combining conveyor whose angular position can be adjusted. The 
pellets are coated with the sludge as they travel along the material combining 
conveyor to its output which feeds a dryer or oven. By adjusting the speed, length 
and angular position of the material combining conveyor, the amount of sludge coated 
onto the pellets can be controlled. The material combining conveyor is preferably a 
sealed shaftless screw conveyor that extends in a generally veritcal direction so 
that pellets not properly coated fall by gravity to the conveyor inlet. Dry pellets 
and wet sludge can be supplied from separate bins to a common feed conveyor such as 
a shaftless screw conveyor which conveys the mixture to the input of the material 
combining conveyor . 



Recerd Display Form 



http://westbrs: 8002^i^^gate.exe?f^oc&...WIC&p_doc_2=&p_doc_3=&p_doc - _4=&p_do 




Q I Generate Collection Print 



L9: Entry 5 of 8 



File: USPT 



Jan 5, 1999 



DOCUMENT- IDENTIFIER: US 5855664 A 

TITLE: Solid waste landfill cover material and method of extending the useful life 
of a solid waste disposal landfill 



Detailed Description Text (27) : 

In usual practice, the waste material placed in a Municipal Solid Waste (MSW) 
disposal landfill is leveled, compacted and then covered with daily/initial cover 
material for a short period of time, typically overnight. If it is necessary to 
cover the disposed MSW for a longer period of time, a thicker layer of daily/initial 
cover material must be applied. The primary problem associated with the use of dirt, 
sand or earthen material is that large quantities of the cover material are 
necessary to cover the disposed municipal solid waste . Because dirt, sand or earthen 
material do not decompose/biodegrade or compress to any great degree, there is a 
substantial loss of available volume for waste, which is forever occupied by the 
daily applied layers of dirt, sand, earthen material or the like. This is 
particularly a problem with MSW disposal landfill that are required to be covered at 
the end of each day of operation. In this instance, a layer of space six inches in 
depth across the entire landfill working face is lost everyday to the dirt, sand, 
earthen material or the like which will forever occupy this space. This loss of 
available space in the landfill, not to mention the cost of the cover material, 
results in substantial revenue losses to landfill operators. The manufactured 
Construction and Demolition (C&D) disposal debris RSM product serves as a substitute 
specification particle sized material replacing the normally used dirt, sand, 
earthen or the like daily cover material. 

Detailed Description Text (29) : 

In accordance with the first embodiment, at the subtitle " D " MSW disposal landfill, 
Class I solid waste disposal landfill, MSW disposal landfill operating within a 
slurry wall leachate containment system or other approved site location, the 
received MSW is compacted and leveled into place at the end of the business day. 
Next, a layer of manufactured C&D disposal debris RSM product, which is the "actual" 
substitute/alternative daily cover material layer is mechanically applied/ spread on 
top of the compacted and leveled disposed municipal solid waste until the required 
six inch thickness is achieved. The C&D-RSM product which is applied over the top 
portion of the disposed MSW substitutes/replaces the normally used dirt, sand or 
earthen daily/initial cover material. When applied to a typical 5,000 square foot 
working face area of a MSW disposal landfill 125-150 tons of C&D-RSM product are 
applied. Equipment utilized for spreading the C&D disposal debris RSM product can 
be, for example, a dozer, wheel loader, self-loading and/or unloading pan or the 
like. The proper concentration of formulated solution is next applied by spray 
method soaking the applied RSM product layer until it becomes well saturated. It is 
at this point, when the C&D disposal debris RSM product is soaked with the 
formulated solution, that it becomes acceptable and approved daily/initial cover 
material . 

Detailed Description Text (35) : 

The boric acid in the formulated solution serves two distinct purposes. First, the 
boric acid acts as a disinfectant temporarily controlling any potential disease 
producing micro-organisms which may be contained within the C&D-RSM substitute daily 
cover product layer . Furthermore, any disease producing organisms which may be 
present on any de minimis amounts of municipal solid waste which may protrude from 
the applied daily cover material are also temporarily disinfected. Additionally, any 



Record Display Form 



http://westbrs:8002ftir^gate.exe?^ 



disease producing micro-organisms which may be travelling upwards with vapors and 
gasses as they migrate through the disposed municipal solid waste and escape to the 
surface must travel through this treated C&D-RSM daily cover layer and are also 
temporarily disinfected. Therefore, the potential disease producing micro-organisms 
are controlled at their source before they can be carried or spread by vectors to 
humans. This satisfies the environmental regulatory authority daily cover 
requirement of controlling disease vectors. 

Detailed Description Text (95) : 

After serving its purpose of covering the disposed municipal solid waste for the 
required one day time period this completed daily/initial cover layer of treated C&D 
disposal debris RSM product is buried under garbage, putrescible household waste , 
rubbish or the like on the next day of landfill operation. 

Detailed Description Text (96) : 

The decomposition/biodegradation of the buried C&D disposal debris RSM daily/initial 
cover product layer proceeds by utilizing the natural occurring microbes available 
from the disposed municipal solid waste which trickle down to this treated region. 

Detailed Description Text (99) : 

Class A (Grade I) domestic waste water residuals (sludge) , Class B (Grade II) 
domestic waste water residuals (sludge) when utilized as biosolid fertilizer 
material and regulated by the State of Florida's Administrative Code (F.A.C.) 
Chapters 62-64 0 and/or its equivalent can be used also. Additionally, a controlled 
time release fertilizer can be used. The actual fertilizer materials to attain 
optimal levels of the primary nutrients Nitrogen, Phosphorous and Potassium (NPK) 
can be but are not limited to, nitrogen (amines, nitrates, ammonia salts and the 
like) , phosphorous -phosphates (calcium, super phosphate, ammonium phosphate and the 
like) , potassium (potassium sulfate, potassium nitrate, potassium carbonate and the 
like) . Additionally, secondary nutrients (trace elements) such as boron, copper, 
iron, manganese, molybdem, zinc and the like should be also added. Adjustments to 
the levels of primary nutrients, secondary nutrients (trace metals) as well as the 
pH levels are made as often as required to maintain optimal nutrient conditions for 
rapid biodegradation/decomposition of the applied C&D-RSM daily/initial product 
layer . Caution should be exercised in applying the nutrient mixtures to the disposed 
municipal solid waste (MSW) material. Concentrated nutrient application may 
accelerate excessive biodegradation, resulting in spontaneous combustion of the 
"covered" MSW disposal material. Furthermore, depending upon the amount of 
biodegradable organic material contained within the solid waste disposal material 
received at the MSW disposal landfill, the addition of nutrients (fertilizer) may 
not be required. All of these elements combine to create a manufactured product with 
known specification which satisfy known requirements. Additionally, this product is 
reproduced in such a way that a guarantee can be issued. 

Detailed Description Text (132) : 

In a preferred process method of this second embodiment, the construction and 
demolition disposal debris raw material/feed stock is delivered to the manufacturing 
site. The Class Ill/commercial solid waste raw material/f eed stock is delivered to 
the same manufacturing site. At the permitted/licensed or approved 
manufacturing/processing site, both of these raw material/feed stocks are fed 
simultaneously into a shredder equipped with three inch openings in its discharge 
grates. The resulting commingled inseparable mixture of shredder output materials is 
the manufactured C&D-Class III recovered screened materials substitute daily cover 
product of this related embodiment. After application of this substitute daily/cover 
product over disposed municipal solid waste, it is treated by spray method with the 
formulated solution until the desired conditions are achieved. This treatment 
enables this applied product to satisfy the specific environmental regulatory 
authority "Daily Cover Requirements" and qualify as an approved substitute 
daily/initial cover material. This completed substitute daily/initial cover product 
layer of combined Class III and C&D debris RSM products are buried under municipal 
solid waste material, i.e., garbage, putrescible household waste, refuse, rubbish or 
the like on the next day of landfill operation. As this completed cover material 
layer decomposes/biodegrades , valuable landfill disposal space is regained. 



Detailed Description Text (144) 
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After application of this substitute daily/cover product over disposed municipal 
solid waste ; it is treated by spray 'method with the formulated solution until the 
desired conditions are achieved. This treatment enables this applied product to 
satisfy the specific environmental regulatory authority "Daily Cover Requirements" 
and qualify as an approved substitute daily/initial cover material. This completed 
substitute daily/initial cover product layer of combined automobile shredder residue 
and C&D debris RSM products are buried under municipal solid waste material, i.e., 
garbage, putrescible household waste, refuse, rubbish or the like on the next day of 
landfill operation. As this completed cover material layer decomposes/biodegrades , 
valuable landfill disposal space is regained. 

Detailed Description Text (173) : 

After application of this substitute daily/initial product over disposed municipal 
solid waste, it is treated by spray method with the formulated solution until the 
desired conditions are achieved. This treatment enables this applied product to 
satisfy the specific environmental regulatory authority "Daily Cover Requirements" 
and qualify as an approved substitute daily/initial cover material. This completed 
substitute daily/initial cover product layer of combined municipal solid waste RSM 
and construction and demolition disposal debris RSM product are buried under 
municipal solid waste, i.e., garbage, putrescible household waste, refuse or the 
like on the next day of landfill operation. As this completed cover material layer 
decomposes/biodegrades, valuable landfill disposal space is regained thus extending 
the useful life of a solid waste disposal landfill utilizing this substitute 
daily/ initial cover product. 

CLAIMS : 

11. A method as recited in claim 10 wherein said recovered screen material product 
is sprayed and soaked with said solution and stored prior to said step of applying 
said layer wherein said stored recovered screen material is available for subsequent 
use as said substitute daily/ initial solid waste disposal landfill cover material. 
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L9 : Entry 6 of 8 



File: USPT 



Apr 21, 1998 



DOCUMENT- IDENTIFIER: US 5741346 A 
TITLE: Mineral and organic fertilizer 



Brief Summary Text (5) : 

In the case of the hog industry, often the biosolid is produced at a much greater 
rate than it can be used on surrounding farm land, and accumulates in large 
quantities posing environmental problems. In Eastern North Carolina, for example, 
lagoon storage areas have become completely filled and fluid upper layers have 
spilled into river systems causing widespread pollution. See "Hogging the Table," 
Time, Mar. 18, 1996 and "Hog Heaven-and Hell," U.S. News and World Report, Jan. 22, 
1996. There has been no cost effective means of dewatering, drying, and converting 
the biosolid from hog waste into a practical, balanced fertilizer. 

Detailed Description Text (3) : 

Biosolid is dredged from the bottom of a hog waste lagoon and belt pressed to 
dewater to about 80% or less water content. To 100 Kg of the dewatered biosolid is 
added with vigorous blending, 100 kg of granite fines, which were previously kiln 
heated to 200. degree. C. Blending is continued until the blend has a moisture 
content of about 20% or less. The blend is pelletized in a rotary disk pelletizing 
apparatus to achieve pellet size in the range of about 1 mm to about 3 mm in 
diameter with a mean of about 2 mm. The pellets are passed through an air stream 
where they are heated at 150. degree. C. for fifteen minutes. The dried pellets are 
screened for size, chemically analyzed, and conveyed to dry storage bins to wait 
packaging and shipping. The pellets are prepared for shipment by placing them in 
double layer bags, labeled to indicate the exact nutrient content of the fertilizer 
and sealed. 
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File: DWPI 



Jul 27, 2000 



DERWENT-ACC-NO: 2000-499191 
DERWENT - WEEK : 2 00055 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Method for treating waste bio-solids for fertilizers, involves reprocessing 
high density pellets in feed conveyor which is obtained from shaftless screw 
conveyor opening 

Basic Abstract Text (2) : 

DETAILED DESCRIPTION - Method for treating waste bio-solids involves supplying dry 
pellets and wet sludge into an inlet of a screw feed conveyor, conveying the mixture 
from a feed conveyor outlet into an inlet (38) of a sealed shaftless screw material 
combining conveyor (44) and subsequently conveying the coated pellets into a drier 
along the upward direction. The high density pellets falling through an opening in 
the material combining conveyor by gravity is conveyed and reprocessed with the 
material from the feed conveyor. 
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File: DWPI 



Jul 27, 2000 



DERWENT-ACC-NO: 2000-499191 
DERWENT- WEEK : 200 055 

COPYRIGHT 2 003 DERWENT INFORMATION LTD 

TITLE: Method for treating waste bio-solids for fertilizers, involves reprocessing 
high density pellets in feed conveyor which is obtained from shaftless screw 
conveyor opening 

INVENTOR: LIPPERT, P 

PATENT -ASSIGNEE: ATARA ENVIRONMENTAL INC (ATARN) 
PRIORITY-DATA: 1999WO-US018 91 (January 25, 1999) 



PATENT -FAMILY: 
PUB -NO 

WO 200043129 Al 
AU 9924805 A 



PUB -DATE 
July 27, 2000 
August 7, 200 0 



LANGUAGE PAGES MAIN - I PC 

E 017 B05B015/00 

000 B05B015/00 



DES IGNATED- STATES : AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES FI GB GD 
GE HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG MK MN MW MX NO NZ 
PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG UZ VN YU ZW AT BE CH CY DE DK EA ES 
FI FR GB GH GM GR IE IT KE LS LU MC MW NL OA PT SD SE SZ UG ZW 



APPLICATION-DATA : 
PUB -NO 

WO 200043129A1 
AU 9924805A 
AU 9924805A 
AU 9924805A 



APPL-DATE 

January 25, 1999 

January 25, 1999 

January 25, 1999 



APPL-NO 
1999WO-US01891 
1999AU-0024805 
1999WO-US01891 
WO 200043129 



DESCRIPTOR 



Based on 



INT-CL (IPC) : B01 F 7/08; B05 B 15/00; C05 F 11/08 



ABSTRACTED -PUB -NO : 
BASIC-ABSTRACT: 



WO 200043129A 



NOVELTY - Method for treating dry pellets with wet sludge of waste bio-solids 
involves supplying the raw materials into an inlet of a screw feed conveyor and 
subsequently conveying the mixture upwards from an outlet of a shaftless screw 
conveyor (44) into a drier. Higher density pellets falling by gravity through an 
opening in the screw conveyor inlet is reprocessed with the mixture from feed 
conveyor . 

DETAILED DESCRIPTION - Method for treating waste bio-solids involves supplying dry 
pellets and wet sludge into an inlet of a screw feed conveyor, conveying the mixture 
from a feed conveyor outlet into an inlet (38) of a sealed shaftless screw material 
combining conveyor (44) and subsequently conveying the coated pellets into a drier 
along the upward direction. The high density pellets falling through an opening in 
the material combining conveyor by gravity is conveyed and reprocessed with the 
material from the feed conveyor. 
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USE - For fertilizers. 

ADVANTAGE - The processing apparatus prevents the entry of dust into the drier or 
oven from the dry pellets. The characteristics of the reprocessed pellets obtained 
from the material combining conveyor is controlled by a number of parameters. The 
sludge is directly supplied into the vertical feed conveyor. 

DESCRIPTION OF DRAWING (S) - The figure shows a top schematic view of a reprocessing 
system. 



Horizontal feed conveyor 12 
Dry pellet bin 20 
Conveyor 24,34 
Waste sludge bin 30 
Feed conveyor inlet 3 8 



Shaftless screw material combining conveyor 44 



ABSTRACTED -PUB -NO: WO 200043129A 
EQUIVALENT -ABSTRACTS : 

CHOSEN-DRAWING: Dwg.l/3 

DERWENT-CLASS : D15 P42 
CPI-CODES: D04-A; D04-B; 
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DERWENT-ACC-NO: 1999-13 0841 
DERWENT-WEEK: 199913 

COPYRIGHT 2 0 03 DERWENT INFORMATION LTD 

TITLE: Coating of dry pellets made of waste bio-solids with waste bio-solids - by 
feeding pellets and wet sludge into an incline-adjustable shaft-less screw conveyor 
which feeds a dryer or oven 

INVENTOR: LI PERT, P 

PATENT -ASSIGNEE: ATARA CORP (ATARN) 

PRIORITY-DATA: 1995US - 05 8033 8 (December 28, 1995) 
PATENT -FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN- IPC 

US 5862610 A January 26, 1999 007 F26B007/00 

APPLICATION-DATA : 

PUB-NO APPL-DATE APPL-NO DESCRIPTOR 

US 5862610A December 28, 1995 1995US- 058033 8 

INT-CL (IPC) : B09 B 3/00; C12 M 1/00; F26 B 7/00 



ABSTRACTED -PUB -NO: US 5862 6 10A 
BASIC -ABSTRACT: 

The method for treating dry pellets made from waste bio-solids with wet sludge of 
waste bio-solids to change the size and/or liquid to solid density of the pellets 
for delivery to a dryer comprises supplying dry pellets and wet sludge to an inlet 
of a horizontal screw feed conveyor and mixing the dry pellets and wet sludge to 
form a mixture while being conveyed to an outlet of the feed conveyor. This is 
followed by supplying the mixture from the feed conveyor outlet to an inlet of a 
lower end of a sealed shaftless screw material combining conveyor having an open 
centre which extends vertically. The mixture is then conveyed from the inlet of the 
material combining conveyor upwardly along the length of the conveyor to an outlet 
at its upper end from which to be discharged to a dryer. The pellets are coated with 
sludge during the upward conveying of the mixture and higher density dry pellets 
fall by gravity back through the conveyor open centre to the material combining 
conveyor inlet to further mix with the mixture from the feed conveyor. 

USE - For handling and disposal of bio-solids such as human waste which is made into 
pellets containing nitrogen in slow release form. These pellets may be combined with 
standard fertiliser, or may be used directly on agricultural areas. 

ADVANTAGE - Dry pellets are evenly coated by the wet sludge. The moisture and the 
recoated sludge content of the reprocessed pellets is adjustable in different ways. 
Dust and spills are reduces, with decreases chance of flashback explosions. 
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PUBLICATION -DATE : May 15, 2003 
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CONSTITUTION: A sludge cake primarily ciewatered by a primary dehydrator 1 is 
supplied to a granulating machine 2. As drying powder, incinerated ashes discharged 
from an incinerator 4 and collected by a cyclone 5 are supplied to the granulating 
machine 2 as they are or separated from rough particles by screening using a 
screening machine 9, or incinerated ashes collected by an electric precipitator 6 
and separated from fine powder by a screening machine 10 or both of them are 
supplied. The sludge cake is pulverized by the granulating machine 2 to a degree not 
to break the water route of the cake, granulated into granules by rotation, and the 
granules are coated with the drying powder. In this way, sludge treatment cost 
becomes low and dewatering ratio is heightened with a little amount of the drying 
powder and the sludge cake become easy to be handled. 
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PUBN-DATE: July 23, 1991 
INVENTOR- INFORMATION : 

NAME COUNTRY 
KATO, TATSUO t 
NARUTOMI, SHUSUKE 
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ABSTRACT : 

PURPOSE: To lower sludge treatment cost and improve dewatering ratio by using a 
drying powder with specified particle size in sludge granulating and dewatering 
processes consisting of granulating sludge into refined sludge granules after 
primary sludge dewatering while covering it with the dried powder as a dewatering 
agent and dewatering secondarily. 

CONSTITUTION: A sludge cake primarily dewatered by a primary dehydrator 1 is 
supplied to a granulating machine 2. At the same time, incinerated ashes which are 
discharged from an incinerator 4 and screened by a screening machine 9 to separate 
fine powder is also supplied to the incinerator via a storage tank 10. The sludge 
cake is pulverized by the granulating machine 2 to a degree not to break the water 
route of the cake, granulated into granules by rotation, and the granules are coated 
with the incinerated ashes, from which fine powder is separated, and become refined 
sludge granules and are supplied to a secondary dehydrator 3. Here, the incinerated 
ashes as drying powder is screened by the screening machine 9 at about SOOrpm 
rotation frequency at which the particles size becomes the highest water permeable 
size of about lO-lOO&mu/m. 
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TITLE: Granular excrement treating material for animal has coating layer which 
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December 29, 2000 
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DESCRIPTOR 



INT-CL (IPC) : A01 K 1/015 

ABSTRACTED -PUB -NO: JP2002199825A 
BASIC-ABSTRACT: 



NOVELTY - The waste material of an organic substance e.g. fiber, water absorbing 
resin, coffee extract covers a core unit which is granularly formed, such that a 
coating layer contains 0.1 percentage weight of drying solid substances. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for the granular 
excrement treating material manufacturing method. 

USE - For animal . 

ADVANTAGE - Improves urinary absorption and urinary water retension, hence ensures 
excellent hygiene due to the coating layer. 

DESCRIPTION OF DRAWING (S) - The figure shows the top view of the granular excrement 
treating material. 

ABSTRACTED -PUB -NO: JP2002199825A 
EQUIVALENT-ABSTRACTS : 

CHOSEN-DRAWING: Dwg.l/2 
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ABSTRACTED-PUB-NO: CN 1346819A 
BASIC -ABSTRACT: 

NOVELTY - A process for preparing composite organic, inorganic and/or microbe 
fertilizer involves fermenting organic solid waste, proportionally mixing it with 
the others, puffing, spraying microbes, granulating , coating , drying and cooling. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for the equipment to 
carry out the process. 

USE - The process is for preparing composite organic, inorganic and/or microbe 
fertilizer. 

ADVANTAGE - The process gives a fertilizer with a high content of nutrients, a fast 
action and no pollution of environment. 
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